Abstract The purpose of this study was to determine the safety of tinzaparin for deep vein thrombosis prophylaxis in newly diagnosed grade III-IV malignant glioma patients. Patients were initiated on daily tinzaparin at a fixed dose of 4,500 IU subcutaneously between 48 h and 4 weeks post-operative for planned duration of 12 months. During chemotherapy cycles, blood counts were monitored weekly and tinzaparin was held if the platelet count decreased to \50,000 and was re-initiated at a platelet count [100,000. Forty patients were enrolled into the study, 35 with glioblastoma multiforme and 5 with anaplastic astrocytoma. Possible attributable toxicity was limited to two patients who developed CNS hemorrhages (one grade 1 and one grade 2) and one patient with an increase in liver enzymes (grade 3). There were no patients with a grade 4 or 5 CNS hemorrhages or systemic hemorrhages Cgrade 2. The median time on prophylactic tinzaparin was 161 days (range of 5 to 601 days). One patient developed a deep venous thrombosis while taking tinzaparin, and three patients developed thromboembolic complications while off tinzaparin. Tinzaparin at a fixed prophylactic dose is safe and may decrease the incidence of thromboembolic complications in brain tumor patients.
Introduction
In 2007, there were 20,500 new adult cases of cancer of the brain and central nervous system diagnosed in the United States and 12,740 deaths [1] . For patients with malignant gliomas, the median survival has been estimated at approximately 11-18 months for grade IV [2] [3] [4] and approximately 3 years for grade III [5, 6] . In an attempt to improve survival, patients often undergo several treatment modalities including surgery, radiation, and chemotherapy. These treatments, the underlying malignancy, and immobility due to paresis predispose patients to venous thromboembolism (VTE).
Low-molecular-weight heparins (LWMHs) have been shown to be effective and safe in decreasing the incidence of VTE in high-risk settings such as critically ill patients, orthopedic surgery, abdominal and pelvic surgery for cancer, after trauma, spinal cord injury, as well as after neurosurgery [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Trials have demonstrated that prophylactic LMWH had no increased hemorrhagic complications following neurosurgical procedures and decreased the incidence of VTE after neurosurgery [8, [10] [11] [12] [13] [14] [15] [17] [18] [19] .
Despite the use of postoperative VTE prophylaxis, the risk of VTE in patients with malignant glioma continues to be high with estimates of 20.8% at 12 months [20] . Treatment of VTE with therapeutic anticoagulation in this patient population poses a risk of intracranial hemorrhage which can be fatal [21] . Inferior vena caval (IVC) filters provide a temporary alternative when a patient is bleeding or is in a peri-operative setting, however, IVC filters do not prevent formation of thrombosis above or below the filter which can place a patient at risk of pulmonary emboli or painful lower extremity edema. VTE contributes to the morbidity and mortality of brain tumor patients and complicates treatment of their malignancy.
The LMWH, tinzaparin, has been found to be safe as VTE prophylaxis in a large prospective clinical trial (n = 746) of patients undergoing intracranial surgery [10] . Tinzaparin has also been found to have more activity in inhibiting thrombin generation compared to other LMWHs using equivalent anti-FXa activity concentrations which may be explained by its low anti-factor Xa/anti-factor IIa ratio [22] . Given the high rate of VTE and concern for hemorrhagic complications in patients with malignant gliomas, VTE prophylaxis with tinzaparin may offer an advantage for this patient population. We report a phase I trial of prophylactic tinzaparin for patients with newly diagnosed grade III-IV malignant glioma.
Patients and methods

Patient selection
Adult patients (age C 18 years) with newly diagnosed, histologically confirmed grade III-IV glioma were eligible for the study. Conditions required for entry into the study included the following: (a) patient is at least 48 h after craniotomy or stereotactic biopsy but no later than 4 weeks from the last surgical procedure; (b) Karnofsky performance status C60%; and (c) life expectancy of at least 6 months. Eligibility also required showing acceptable hematologic and coagulation variables within 14 days of enrollment (platelet count [100,000/ll; prothrombin time, PT B 1.29 control; activated partial thromboplastine time, aPTT B 1.29 control). Exclusion criteria included the following: (a) symptomatic intracranial bleeding, which includes inter-or intratumor bleeding; (b) presence of acute or chronic deep venous thrombosis demonstrated by ultrasonography or venography; (c) active systemic bleeding, such as gastrointestinal bleeding or gross hematuria; (d) excessive risk of bleeding as defined by stroke within the prior 6 months, history of CNS or intraocular bleed, or septic endocarditis; (e) prior history of documented deep vein thrombosis (DVT) or pulmonary embolus (PE); (f) history of heparin induced thrombocytopenia; (g) contraindication to tinzaparin or other heparins, including allergy or hypersensitivity to heparin or pork products, sulfite allergy, benzyl alcohol allergy or have or had had an epidural catheter or traumatic spinal puncture within 7 days prior to screening; (h) serum creatinine [3.0 mg/dl; (i) medical condition requiring long-term anticoagulants such as atrial fibrillation or a mechanical heart valve; and (j) females who were pregnant or nursing. Agreement to practice adequate birth control methods was required for fertile patients. The Duke University Medical Center Institutional Review Board approved this study and each patient signed a written informed consent form.
Patient evaluation
Evaluations done within 14 days of initiating therapy included a medical history, physical and neurologic examinations, performance status determination, complete blood count, PT, and aPTT. This evaluation was repeated at follow-up visits (month 2, 4, 6, 9, 12) and the end of study visit. CBCs were performed weekly and increased to three times a week if the platelet count dropped to \100,000/ll. If PTs or PTTs increased to 1.2 times control, then these tests were repeated monthly. The National Cancer Institution Common Toxicity Criteria (CTC; version 3.0) was used to grade toxicities. CTC definitions for grades of toxicity due to intracranial hemorrhage are as follows: (1) 
Deep vein thrombosis and pulmonary embolus evaluation
For patients with clinically suspected DVT, an ipsilateral extremity duplex ultrasonography (DUS) was performed immediately. If negative for DVT, but the calf was not evaluated, then a repeat DUS was obtained 5-7 days later. For a non-diagnostic DUS or if the DUS shows calf vein thrombosis, a contrast venogram was obtained and the interpretation based on accepted venographic criteria. Given that baseline exams are not routinely performed, patients were only evaluated for clinically suspected DVT.
For patients with clinically suspected PE, a ventilation/ perfusion scan or spiral CT was performed. If nondiagnostic, then bilateral DUS or venography of the lower extremities was performed. If these tests are negative for DVT, but there was high clinical suspicion for PE, then pulmonary angiography was performed.
Patients with negative evaluations were continued on tinzaparin, whereas patients diagnosed with a DVT or PE had tinzaparin discontinued and were managed according to local practice.
Drug administration
This was a single arm, open-labeled pilot trial. Tinzaparin was supplied by Pharmion, Inc. Patients received a single daily subcutaneous injection of tinzaparin at 4500 IU, which was initiated at least 48 h after craniotomy or stereotactic biopsy and within 4 weeks after the most recent surgery. Outpatient administration of tinzaparin was performed by patient self administered or by a family member as would be in usual clinical practice. Tinzaparin was continued daily for a planned duration of 12 months. Patients were allowed to continue on tinzaparin after the 12 months as long as there were no adverse reactions. These patients continued to have the same labs and clinical follow-up.
Tinzaparin was temporarily held for the following reasons: (a) platelet count\50,000/ ll and was restarted when the platelet count increased to C100,000/ll; (b) minor bleeding and restarted when bleeding resolved; (c) 24- 
Statistical considerations
The primary objective of this study was to determine the safety of DVT/PE prophylaxis with tinzaparin in newly diagnosed patients with grade III-IV malignant glioma. Of specific interest was the proportion of patients who experience grade 2 non-CNS hemorrhage, new grade 3 CNS hemorrhage or grade 4 CNS hemorrhage during the time on treatment. A 3-stage study design was used to differentiate between an unacceptable toxicity rate of 20 and 5%. Forty patients were accrued into this study as follows: (a) 10 patients in stage #1; (b) 15 patients in stage #2; and (c) 15 patients in stage #3. Stopping rules for an unacceptable toxicity rate was defined as 3 patients in stage #1 or C4 patients in stage #2 or stage #3. Unacceptable toxicity rates of 5% or less were considered desirable, whereas rates of 20% or greater were considered undesirable. The type I and type II error rates associated with this testing are 0.03 and 0.14, respectively.
Results
Patient characteristics
The study population included 40 newly diagnosed grade III-IV malignant glioma patients enrolled between June 2004 and January 2007 ( Table 1 ). The median age was 52 years and the majority of patients were male (67%) and were diagnosed with a grade IV malignant glioma (87%). Median time to initiate tinzaparin was 23 days postoperative and median time on tinzaparin was 161 days.
Toxicity/events
Two patients developed CNS hemorrhage, one with grade 1 and the other with grade 2 ( Table 2 ). The patient who developed a grade 1 CNS hemorrhage was initiated on tinzaparin 19 days after biopsy which revealed glioblastoma multiforme and he remained on tinzaparin for 50 days. He was clinically stable after two cycles of irinotecan and temozolomide and platelet count was within the normal range. His MRI showed stable contrast enhancement and increased blood around the tumor cavity, therefore tinzaparin was discontinued (Fig. 1) . The patient who developed a grade 2 CNS hemorrhage was initiated on tinzaparin 7 days after a partial resection which revealed anaplastic astrocytoma and he remained on tinzaparin for 47 days. He had received his second cycle of temozolomide and his platelet count was within the normal range 3 days prior to being admitted for lethargy and hemiparesis. He improved on high dose decadron. MRI showed hemorrhage within the tumor. The patient was felt to have Reasons for coming off study
Eighteen of the 40 patients (45%) completed 6 months of prophylactic tinzaparin and 7 patients (17.5%) completed C12 months of tinzaparin without toxicity or developing VTE (Table 2 ). Patients taken off study due to safety concerns included the following: (1) two patients with CNS hemorrhage (5%); (2) one patient with elevated liver enzymes (2.5%); and (3) one with severe thrombocytopenia (2.5%). Over the 12 month period, 25% of patients came off study so that treatment with Avastin could be initiated. This was due to eligibility criteria of protocols with anti-VEGF agents which required patients were not on anticoagulation. Another 30% of patients came off study due to one of the following: (1) 2 patients were non-compliance; (2) 1 patient was lost to follow up; and (3) 9 patients withdrew from the study. The major reason patients withdrew consent was centered on concern for a hemorrhagic event. The remaining 17.5% of patients were taken off study due to either progressive disease (4 patients) or due to developing a DVT (3 patients).
Discussion
Since the mid-nineteenth century, we have known the basic risk factors for thrombosis and that thrombosis is a complication of cancer. Rudolf Virchow and his colleagues developed the concept of Virchow's triad consisting of stasis, altered blood vessel wall, and hypercoagulability [23] and Amand Trousseau described the association of thrombosis and cancer [24] . Over the past 150 years, we have developed a greater understanding of how cancer and its therapies can affect all three parts of Virchow's triad and thereby cause thrombosis [25] .
More recently, greater understanding of the best treatment and prevention of recurrent VTE in patients with cancer has evolved. The randomized comparison of lowmolecular-weight heparin versus oral anticoagulant therapy for the prevention of recurrent venous thromboembolism in patients with cancer (CLOT) investigators [26] performed a multi-center randomized trial of dalteparin versus coumadin derivative for newly diagnosed VTE in cancer patients. After 6 months of anticoagulation, the probability of recurrent thrombosis was 9% in the dalteparin group and 17% in the coumadin derivative group. The incidence of major bleeding was not significantly different at 6% in the dalteparin group and 4% in the coumadin derivative group. Of interest, there were 14 patients in the dalteparin group and 13 patients in the coumadin derivative group with brain tumor as the primary tumor site. One patient with a primary brain tumor in the dalteparin group (1/14, 7%) had an intracranial bleed.
With an estimated 20% of patients with malignant glioma developing VTE within the first year of diagnosis, many patients will have interruptions and delays in their therapy. Also, concern for intracranial bleeding in brain tumor patients with VTE has lead to the use of IVC filters. In cases when anticoagulation for acute VTE is contraindicated, IVC filters offer an immediate option in an attempt to prevent a PE from a known DVT. However, IVC filters should be thought of as a temporary step until anticoagulation can be initiated. In a retrospective study, Levin et al. [27] identified complications in 62% of patients with brain tumors after IVC filter placement. Thrombotic complications included 12% with recurrent PE, 26% with IVC or filter thrombosis, and 10% with postphlebitic syndrome.
Others have evaluated LMWH in patients with malignant glioma and VTE. Schmidt et al. [28] treated 11 patients with tinzaparin at 175 IU/kg for 10 days and then 100 IU/kg for 3 months. There were no hemorrhagic complications reported. During the 3 months of tinzaparin at 100 IU/kg, one patient had progressive VTE with resolution upon increasing tinzaparin back to 175 IU/kg. In a retrospective study, Nghiemphu et al. [29] evaluated 21 patients who received anticoagulation for VTE and were receiving bevacizumab 5 mg/kg every 2 weeks in combination with chemotherapy. Median time patients received anticoagulation and bevacizumab was 172 days, with 9 patients receiving enoxaparin and 12 patients receiving warfarin. There were no lobar hemorrhages. MRI findings revealed 2 patients with minor increase in signal on noncontrast T1-weighted sequence and 3 patients with small intraparenchymal hemorrhages with only one patient presenting with symptoms. From the PRODIGE study [30] , an international phase III randomized clinical trial of dalteparin for primary prophylaxis of VTE in brain tumor patients, Perry et al. reported that although there was a trend toward reducing VTE for patients receiving dalteparin 5,000 anti-Xa units daily for 6 months at 11% versus 17% for the patients in the placebo group, there was a trend toward increase in intracranial bleeds at 5.1% versus 1.2% in the placebo group.
The primary objective of our study was to determine the safety of thromboprophylaxis using tinzaparin in newly diagnosed patients with grade III-IV malignant glioma. Two patients (5%) experienced CNS hemorrhage (grade 1 and 2) which was within the acceptable toxicity rate. Lieu et al. [31] found the incidence of brain tumor hemorrhage in 632 cases of primary brain tumors to be 2.4%. In the patient with grade 1 CNS hemorrhage (Fig. 1) , the tumor was large and the patient was asymptomatic. In the patient with a grade 2 CNS hemorrhage, the tumor was found to be progressive and the patient improved with decadron. With the advent of new therapies such as bevacizumab which can cause hemorrhagic and thrombotic events, it is important to continue to evaluate anticoagulant agents for therapeutic and thromboprophylaxis use in malignant glioma patients. Studies to predict which patients may benefit from thromboprophylaxis and dose intensity, timing, and duration in relation to certain treatments as well as any survival benefit [32] [33] [34] [35] still need to be addressed.
